ABSTRACT: Lysosomes play a key role in normal cellular catabolism and during the accumulation and detoxification of different classes of anthropogenic substances. As a contribution to the Bremerhaven Workshop, cytochernical measurements of the integrity of the lysosomal compartment, histopathology and electron microscopy were made on the liver of dab L m a n d a limanda during spawning time along a pollution gradient in the German Bight. The aim of the study was to test if lysosomal responses are able to reflect early tissue lesions and their progression during the span of the reproductive processes. Lysosomal perturbations in dab liver indicated early tissue lesions independently of the stage of gonadal development by the intralysosomal accumulation of unsaturated neutral lipids. Impairment of the lysosomal membrane stability sensitively reflected the progression towards liver degeneration. Significant differences with respect to lysosomal membrane stability, pathological lipid accumulation and liver histopathology were found along the North Sea transect.
INTRODUCTION
The liver of teleosts is a multifunctional organ responsible for food conversion, production of the yolk precursor-protein 'vitellogenin' during gonadal growth, and detoxification of foreign compounds (Emmerson & Emrnerson 1976 , Storch et al. 1983 , Braunbeck et al. 1989 , Hinton & Lauren 1990 , Hogstrand & Haux 1991 , Stegeman & Lech 1991 . Therefore, death of large areas of the liver parenchyma or transformation into neoplasms may result in impairment of the health of the organism including its reproductive abilities. In order to follow the precautionary principle in biological effects monitoring programs, sensitive biological methods are essential for the idenhfication of early changes preceding preneoplastic and neoplastic liver lesions. For application in international monitoring programmes the biological techniques have to be fast, responsive and cost-effective.
Lysosomes are able to accumulate and sequester a wide range of both organic and inorganic compounds (Allison 1969 , Staiger 1974 , Moore 1985 , 1988 . Injury to lysosomes may occur by overloading the storage capacity or direct damage to the lysosomal membrane by toxic compounds or oxyradical formation during biotransformation of certain xenobiotics (Diazani & Ugazio 1978 , Malins et al. 1988 , Winston 1991 . Due to their central function in cell catabolism by recycling and degrading both endogeneous and exogeneous macromolecules, the impairment of lysosomal function may lead to severe metabolic disorders and finally to pathological events. Cytochemical techniques measuring lysosomal perturbations were applied to dab Limanda limanda in March 1990 during the Bremerhaven Workshop. Cell and t~ssue pathologies were diagnosed in parallel in order to test if lysosomal perturbations can reflect liver lesions in dab along a German Bight transect of a suspected contaminant gradient from the mouth of the river Elbe to the eastern side of the Dogger Bank.
MATERIALS AND METHODS
In March 1990 female dab between 20 and 25 cm total length were sampled along the German Bight transect at 7 stations (1, 3, 5, 6, 7, 8, 9) . At each station, 25 non-overtly diseased individuals were immediately dissected on board. Macroscopic inspection of the liver included liver discolouration (colour table with numerical order from brown to cream) and registration of number and size of liver nodules. Nodules > 2 mm were recorded according to the ICES recommendations (Anon. 1989) . Additionally, nodules < 2 mm were registered. The majority of dab of the size group investigated showed evidence for gonadal maturation or spawning at all stations. Stages of gonadal development were determined macroscopically after Biickmann (1929) , and included the criteria growth and colour of gonads, shape and colour of eggs dependent on yolk incorporation and amount of ripe eggs. The stages ranged from initial egg development in stage 3 to spawning in stage 6.
Pieces of the central liver lobe (5 X 5 X 5 mm) near the portal vein were quenched in n-hexane (-70 "C), cooled in liquid nitrogen for cytochemistry and stored on dry ice. Duplicate serial sections cut at -25 "C with a Reichert-Jung cryostat were treated according to Bitensky et al. (1973) and Moore (1976) for the determination of lysosomal stability. For the implementation of the lysosomal stability test in dab liver, shorter intervals of acid labilisation were used (0, 2, 4, 6, 8, 10, 15 min) and extended in 5 min steps up to 45 min. The enzyme P-N-acetylhexosamidase was selected as a characteristic lysosomal marker enzyme. The serial sections were incubated with the substrate naphthol AS-BI-N-acetyl-P-D-glucosaminide (Sigma) at 37 "C in a shaking water bath for 15 min; subsequently the reaction product was detected by a diazo-coupling with Fast Violet B (Serva) for 15 min at 4 "C. The membrane destabilisation time (maximum staining intensity) was determined as the period of acid labilisation (0, 2, 4, 6 to 45 min) required to fully destabilise the lysosomal membrane, so that the substrate could penetrate into the lysosome and react with the lysosomal enzyme (Moore et al. 1978 , Kohler 1990 .
Unsaturated neutral lipids were stained with Oil Red 0 (Bancroft 1967) and microscopically graded from 0 to 7 using representative micrographs; this grading was based on density measurements of the staining product with a photometer microscope (Zeiss).
For light microscopic studies liver pieces (5 X 5 X 10 mm) adjacent to those dissected for cytochemistry were fixed in 4 % Bakers form01 for 24 h at 4 "C, rinsed twice in phosphate buffer (30 min each) and dehydrated in 70 % (30 rnin) and 100 % acetone (2 X 30 rnin). Tissues were embedded in methacrylate (Serva), and sections of 2 pm were cut on a rotation microtome (Sorvall JB 4) and stained with H&E (Harris).
For electron rnicroscopy small cubes of the central lobe of the liver and additionally of grossly visible nodules were fixed in 5 % glutaraldehyde on ice, postfixed in 2 % osmium tetroxide (3 h) and embedded in Epon after dehydration. Ultrathin sections were stained with saturated uranyl acetate (in 100 % methanol, 5 min) and with lead citrate (according to Reynolds) for 1.5 min for diagnosis in a TEM (Zeiss 109). For detailed examination of foci of altered cells, the lesions were identified in toluidine-blue stained semi-thin sections before cutting ultra-thin sections. Ultra-thin sections of juvenile dab were prepared for comparison of liver ultrastructure during gonadal rest and maturation.
Classification of lesions in dab liver were based on generally accepted criteria, used in other flatfish species and mammals including the description of early to degenerative, preneoplastic and neoplastic lesions (Pierce et al. 1978 , Frith & Ward 1980 , Malins et al. 1985 , Malins et al. 1987 , Myers et al. 1987 , Hinton et al. 1988 , Bannasch et al. 1989 . Regularly CO-occurring Liver changes were summarized and staged according to their pathological relevance and expansion in the liver tissue. During histological examination the presence of apoptotic bodies ('Councilman bodies') was estimated in a semi-quantitative manner (-= 0, t = < 5, ++ = 10) in each of 10 readings per liver section.
For the statistical evaluation of the data only nonparametric distribution-free tests were chosen (Spearman's rank correlation; Kruskal-Wallis H-test). Significances were accepted with a > 95 % level of confidence.
RESULTS

Histology of dab liver
Livers of spawning dab showed a significant decrease in cytoplasmic lipid content compared to immature dab and changes in the intracellular organisation (D) Enlarged lysosome with myelinated phospholipid membranes indicating toxicant-induced phospholipidosis of the hepatocytes. Rough endoplasmic reticulum (rer) and ribosomes occupied the cytoplasm; enlargement and augmentation of mitochondria and a proliferation of the Golgi region with secretion of dense bodies could be seen (Fig. 1A) . These findings are consistent with a possible stimulated protein synthesis during vitellogenesis (phospholipoprotein-production as yolk precursor). Comparative studies of immature individuals showed that the dab liver belong to the lipid storage type of the teleost liver according to the criteria of Welsch & Storch (1973) . In immature dab rough endoplasmic reticulum (rer) is restricted to the cell periphery and to the perinuclear region due to cytoplasmic lipid inclusions. Small fields of glycogen, Golgi complexes with 3 to 4 cisternae and few small lysosomes appeared to be characteristic. Results obtained from another study of adult dab during gonadal rest in September revealed basically identical features of the cellular organisation (Kohler unpubl.) .
The liver pathologies observed at the light microscopic level in maturing dab along the German Bight transect are summarised according to their CO-occurrence and staged in Table 1 . Stages 1 and 2 represent minor changes due to normal cellular turnover and food supply and have to be regarded as healthy ( Fig. 2A) . Dab liver diagnosed as healthy showed no gross pathologies recorded directly after dissection on board.
First signs of pathological processes as lytic cell death (necrosis) and lipid infiltration around the blood vessels, regarded as a sign for toxic liver injury, were classified as stage 3. Additionally, in single hepatocytes changes of the cell nucleus, cell shape and staining properties indicated megalocytosis and were observed generally in the proximity of sinusoids (Fig. 2B) . During gross inspection 5 out of 40 individuals (12.5 %) showed nodular changes at the organ surface, 2 mm diameter, presumably due to localised lipid accumulation. Nodules > 2 mm were found in 2 out of 40 individuals (5.0 %) at this stage of liver lesion. Liver changes from stage 3 on were accompanied by increased lipid accumulation in the lysosomes (Fig. 3B) .
In stage 4 an increase of larger lipid droplets and expansion of necrotic processes occurred simultaneously. Cell death regularly started around the sinusoids and bile ducts (Fig. ID) . Often, very large vacuoles were seen to be restricted to the parenchymal areas around blood vessels giving the liver a patchy appearance at the gross and light microscopic level (Fig. 2E) . Ultrastructurally, such dab livers showed large amounts of vesicular smooth endoplasmic reticulum (ser) with free ribosomes proliferated throughout the cytoplasm. The extremely enlarged 'vacuoles' in perisinusoidal hepatocytes were filled with a fine precipitate presumably taken up by endocytosis from the sinusoids. Fusion of the vacuoles with lipoid droplets obviously caused the macroscopic gravelly impression (Fig. 1B) . Typical lysosomes from these livers showed a considerable enlargement and heterogeneity of the ingested and degraded material (Fig. 3C ). Gross findings ranged from 4 out of 22 individuals (18.2 %) with nodular or patchy changes c 2 mm to 2 out of 22 individuals (9.1 %) with nodular changes > 2 mm. Both stages 3 and 4 were estimated as presumably reversible anomalies after removal of the injurious stimulus.
Moderate to numerous globular bodies were seen in the majority of the sections of healthy and reversibly altered livers as shown in Fig. 2C . At the ultrastructural level they were revealed to be so-called giant lysosomes (Councilman bodies) originating from hepatocytes undergoing apoptosis. This type of cell death is described in processes of normal cell turnover and programmed cell death under natural physiological conditions (Wyllie 1981) . As this morphological phenomenon was too evident to be neglected, data on the semiquantitative evaluation of the presence of globular bodies during the different stages of liver changes are presented in Fig. 4 . In stage 5 degenerative processes such as lytic necrosis dominated, often associated with parenchyma1 areas showing signs of megalocytosis. The first appearance of a new type of phenotypically altered cells, singly or in small groups around the sinusoids, could also be observed. Often, this type of cell was seen adjacent to those hepatocytes which were degenerating in lytic necrosis. The cells were obviously smaller and of a different shape to the other hepatocytes and showed a n increase of basophilia. The nuclei were translucent with a prominent nucleolus and the nuclear/cytoplasmic ratio was increased (Fig. 2F) . A further increase of connective tissue (fibrosis) around the blood vessels and bile ducts was noted. Some perisinusoidal cells were empty and were reminiscent of spongiotic cells described in other fish species. Signs of toxically induced phospholipidosis in lysosomes, only rarely seen in less severely damaged livers, regularly occurred in stage 5 (Fig. 3D) . Liver changes from stage 5 on were termed as degenerative and regarded as possibly irreversible, since lytic necrosis and fatty change dominated; connective tissue was increased and was substituted for normal liver parenchyma. As shown in Fig. 4 , at this degree of liver lesions the frequency of apoptotic bodies diminished considerably, inplying that natural physiological cell death was reduced, possibly to compensate for reduced tissue growth. Gross inspection showed nodules < 2 mm (up to 10 nodules per liver) in 3 out of 25 individuals (12 %) at this stage of lesion while frequency of nodules > 2 mm remained low with 1 out of 23 individuals (4.3 %).
Representative for stage 6 was the presence of foci formed by phenotypically altered cells. The basophilic cell type clearly dominated (Fig. 2G) . At the electron microscopic (EM) level these cells were densely packed with parallel stacks of rough endoplasmic reticulum studded with polysomes (Fig. 1C) . Foci were randomly distributed throughout the sections but regularly associated to the blood sinusoids. In some livers, foci of apparently empty 'clear' cells or eosinophilic cells were seen. The surrounding liver parenchyma showed symptoms ranging from stage 4 to 5. Occasionally, transitions of foci of small basophilic cells into larger clearly defined areas composed of a cell type with circular profiles of rough endoplasmic reticulum (rer) was detected at the EM level (Fig. 1E) . The cells of these areas, which might be neoplasms, had numerous nuclei and a totally disorganised rer showing sinuous and circular profiles. An increase of grossly visible small nodules (< 2 mm) in up to 16 out of 30 individuals (53.3 %) and of larger nodules (> 2 mm) in up to 6 out of 30 dab (20.0 %) was recorded in those dabs whose livers had been histologically diagnosed as stage 6.
Benign neoplasms originating from hepatocytes (liver cell adenoma) with compression of the surrounding liver tissue were classified as stage ? (Fig. 2H) , and tumours revealing initial invasive growth into the adjacent liver parenchyma were classified as malignant neoplasms in stage 8. Yet, the overall frequency of benign and malignant neoplasms in this age group of dab investigated (20 to 25 cm total length) was low. For this reason no electron microscopic findings are available from these cases. Only in 2 out of the 7 cases, found at the nearshore stations (1 to 6), were these neoplasms already visible as nodules during gross inspection and were larger than 2 mm up to 4 mm.
Lysosomal changes and liver injury
Rapid cytochemical techniques were tested for their usefulness in monitoring programmes in concert with parallel histological diagnoses of dab liver anomalies. The purpose of this approach was to check if lysosomal perturbation and accumulation of unsaturated neutral lipids are able to reflect toxicant-induced liver injury. The results of linking the cytochemical measurements with the diagnostic findings of liver lesions in identical individuals are summarised in Fig. 5 . Positive significant correlations were observed between the severity of liver lesions and the accumula.tion of unsaturated neutral lipids (Spearman's rank correlation, p < 1 %, 2-tailed). Dab liver diagnosed as healthy (stages 1 and 2) contained only small amounts of unsaturated neutral lipids (Fig. 5 A ) . With the onset of liver injury regarded as reversible (stages 3 and 4), a statistically significant increase of neutrallipids (confidence level > 95 %) was evident and remained at identical levels in presumably 'irreversibly' damaged livers (above stage 5). Liver discolouration (data not presented here) was found to be positively correlated to the accumulation of unsatu- rated neutral lipids, as well as to the severity of liver lesions. It is interesting to note that unsaturated lipids accumulated predominantly in the lysosomes as could be detected both in electron micrographs and in cytochemical preparations.
In the lysosomal compartment of dab liver 2 populations of lysosomes were identified by different labilisation periods. One type of lysosome showed a reduced membrane labilisation period of 3 to 4.5 min. Interestingly, no relationships were statistically identified between the degree of liver pathologies, presence of grossly visible liver nodules or neutral lipids and the labilisation time of this type of lysosome. Further, no correlation could be identified between membrane stability of these lysosomes and gonadal maturation. Finally, no statistical differences between the stations of the German Bight transect with respect to this lysosomal population could be detected. Studies on the role and functions of these lysosomes are continuing.
A totally different response was observed in the second type of lysosomes with a lysosomal membrane stability varying between 5 and 30 min. A highly significant correlation between the progression of liver lesions and the breakdown of the lysosomal membrane integrity became evident (Spearman, X 1 %, 2-tailed) (Fig. 5B) . In healthy dab liver the acid labilisation time was above 20 min (median). In reversibly injured dab liver the median lysosomal labilisation time decreased to only 15 min, though not differing statistically from the healthy state at the chosen confidence level. However, lysosomal stability of presumably irreversibly damaged dab livers was significantly lower compared to healthy dab liver at the level of confidence of > 95 %. The statistical evaluation showed further that the stage of gonadal maturation did not influence the stability of the lysosomal system, the accumulation of neutral lipids or pathological alterations of the liver tissue.
Lysosomal perturbations related to gross and microscopic Iiver pathologies along the German Bight transect
Highest rates of grossly visible liver nodules > 2 mm, which were additionally recorded during this study, revealed highest incidences at the innermost stations (1, 3 & 5) in up to 50 % of the dab (Fig. 6A ). At Stn 6 small grossly visible nodules were seen in only a few specimens, with none at the Stns 7 to 8. Nodules > 2 mm recorded according to the ICES recommendations showed incidences in less than 20 %of the dab at the inshore Stns 1 , 3 & 5. No signs of gross pathological alterations at all were identified at Stns 8 & 9 (Fig. 6A) .
The frequencies of liver abnormalities detected at the light microscopic level along the German Bight transect are summarised in Fig. 6B , differentiated according to the above criteria of presumably reversible, degenerative irreversible and putatively preneoplastic lesions. The light microscopic inspection showed evidence of pathological liver changes above 80 % in total at the inshore stations (1, 3 & 5) with a significant decrease towards Stn 7 below 50 % and a slight, but not significant increase at Stn 9. At Stn 1, north of the mouth of the Elbe, 48 % of dab showed possibly irreversible liver lesions. Highest rates of the most severe lesion types were noted at Stn 3 in 80 % of individuals with a clear gradient towards the offshore stations. A slight increase with respect to reversible lesions was noted at Stn 9 on the Dogger Bank.
The results obtained from cytochemical measurements of lysosomal perturbations are in accordance with the occurrence of pathological liver changes along the German Bight transect (Fig. 6D) . At the most inshore Stn 3, drastically impaired membrane stability of the lysosomal system was found in dab liver. A slightly better lysosomal membrane stability than at Stn 3 was measured at the inner Stn 1 than at Stn 3. was measured and maximum labillsation periods were found at Stn 7. At the inshore Stns 1 & 3, d a b livers contained significantly enhanced levels of unsaturated neutral lipids ( p < 0 . 1 %) compared to the further offshore stations (Fig. 6C ). No differences with respect to unsaturated neutral lipids were identified between Stns 5, 7 & 9 where relatively enhanced levels were detected compared to Stns 6 & 8.
DISCUSSION
Cytochemical techniques established in mammals, marine mussels a n d flounder (Bitensky et al. 1973 , Moore 1976 , Kohler 1990 (Weis 1972 , Peute et al. 1978 , Kohler 1991 . Nevertheless, the lysosomal system in fish liver obviously appears to be more stable, in relation to the physiological changes during reproduction (Kijhler 1991) , than is documented for the mussel (Moore et al. 1978) , because no correlations could be stat~stically identified between gonadal development and lipidosis and lysosomal membrane injury.
Parallel diagnosis of cell and tissue pathologies in dab liver showed that lysosomal perturbations sensltively reflected the onset and progression of liver injury comprising focal to extensive lytic necrosis, steatosis, fibrosis, foci and nodules of phenotypically altered cells and neoplasms, as indicated by highly significant correlations between the breakdown of lysosomal stability and the degree of liver lesions. Other studies (1987 to 1990) on Wadden Sea flounder Platichthys flesus have shown that lysosomal membrane stability sensitively reflected the onset and progression of liver pathologies to neoplasia (Kohler unpubl.) . In the above studies the accumulation of the most toxicologically relevant 118, 138) and HCHisomers was significantly correlated to decreased lysosomal membrane stability in those regions of the Wadden Sea influenced by the highly contaminated rivers Elbe and Weser.
The accumulation of unsaturated neutral lipids and membrane whorls in lysosomes are an early indicator for chemically induced lipidosis (Klaunig et al. 1979 , Liillmann-Rauch 1979 , Hawkes 1980 . Linking the data for intralysosomal lipid accumulation and liver pathologies showed that already in reversibly injured dab liver the amount of unsaturated neutral lipids was significantly enhanced. Ultrastructural studies in the Liver of an other flatfish species (Platichthys flesus) showed evidence for a key role of the lysosomal system and lipidosis during the development of liver anomalies and in relation to the contaminant burden (Kohler et al. 1986 , Kohler 1989 , 1990 . Injury of the lysosomal membrane by lipophilic toxic compounds and/or oxyradicals may lead to leakage of the hydrolytic lysosomal enzymes from the lysosomal compartment causing disturbances of cell functions and resulting in degeneration and possibly in neoplasia (Lowe et al. 1981 , Moore 1985 , 1988 , Malins et al. 1988 , DiGuilio et al. 1989 .
In accordance to the results of lysosomal perturbations and liver pathologies, highest oxyradical production was measured by other workshop participants at the inshore Stn 3 with a decreasing gradient towards the Dogger Bank (Lowe et al. 1992 , Moore 1992 , Simpson & Hutchinson 1992 . Proliferation of endoplasmic reticulum and nbosomes detected at the subcellular level on the inshore sites of the transect have also been observed during experimental intoxication with PCBs known to be potent inducers of the MFOsystem in other fish species (Hinton et al. 1978 , Klaunig et al. 1979 , G o k s~y r & Forlin 1992 . Along the transect, measurements of endoplasmic reticulum and MFO activity (EROD) in isolated hepatocytes and in homogenised liver tissue coincided with our findings of highest rates of liver injury at the histological and cytochernical level [for details see Moore et al. (1992) 
Intensive transport processes of specific material, identified by Lowe (pers. comm.) as low density lipoproteins, from the blood vessels by endocytosis were associated with extensive enlargement of lysosomal vacuoles. Similar observations were reported after the application of Aroclor 1254 in rainbow trout and of DDT and PCBs in the liver of rats and chicken (Vos & Koeman 1970 , Johnsson et al. 1981 . Low density lipoproteins are suspected vehicles of transport of lipophilic xenobiotics also measured in sediments at the inner stations (Moore et al. 1991) .
Megalocytic hepatosis, 'clear cell' and basophilic foci, often preceded by steatosis, necrosis and fibrosis, are described in studies of liver tumors of different fish species as putatively preneoplastic lesions caused by experimental exposure to carcinogens or identified in bottom-dwelling fish living on sediments polluted with anthropogenic chemicals (Malins et al. 1985 , 1987 , 1988 , Myers et al. 1987 , Hinton et al. 1988 , Vethaak & Rheinallt 1992 . Results of a n interdisciplinary study (1987 to 1990) of flounder Platichthys flesus caught in the plume of the highly contaminated Elbe and Weser estuaries showed indications that foci of altered hepatocytes are precursor lesions associated with the development of benign and malignant liver cell tumours (Kohler unpubl.) . Further support for anthropogenic chemicals as causative agents for liver lesions were obtained from experimental studies on flounder caught at the highly contaminated Elbe river. When kept in clean water and fed with a contaminant-free diet, the liver showed clear signs of regeneration and tissue burdens of organochlorines fell in regenerating livers (Kohler 1989) .
The presence of phenotypically altered foci of basophilic hepatocytes, diagnosed at very high rates at the inshore Stn 3, coincided with an overexpression of the ras-oncoprotein found in cellular foci by . The authors regard the overexpression of rasoncoproteins as a potential future candidate for a 'preneoplastic biomarker'. However, at present it can be only speculated on a correlational level that phenotypically altered foci are con~posed of 'initiated' cells which are preneoplastic. Another question needing further attention is how far 17 P-estradiol, causing liver hyperplasia and hypertrophy during vitellogenesis in flatfish (Emmerson & Emmerson 1976) , or other steroid compounds may function as an additional promoter for the development of early preneoplastic lesions in fish, as was shown in mammals (Schulte-Hermann et al. 1981) . The preliminary findings for dab liver indicated that apoptosis as a phenomen described in normal physiological cell death (Wyllie 1981) appeared to be inhibited in severely diseased livers with phenotypically altered hepatocytes. Similar results in rat liver after application of hepatocarcinogens (SchulteHermann et al. 1989) suggest that this phenomenon is worth following up in future fish studies.
Correlations of contaminants measured in dab liver with biological parameters have to be interpreted with caution as they were not obtained from identical individuals or at the same sampling time during the Bremerhaven Workshop (Cofino et al. 1992) . However highest incidences of adverse biological effects ob-served in dab liver along the German Bight transect coincided with a gradient of sediment levels of organochlorines from the nearshore stations towards the more offshore sites (Lohse 1991) .
Simultaneous application of gross pathological, histopathological and cytochemical techniques allowed disease processes in the Liver to be detected earlier and therefore more sensitively and precisely than gross inspection of the liver For biological effect monitoring it is essential to be able to detect early lesions with the aid of 'bioindicators' before the endpoint of disease is reached in the development of neoplasia. Neoplasia is the result of chronic processes over several years involving different phases such as induction, promotion and progression; thus relating neoplastic change to an actual contamination situation remains difficult due to the migratory habits of certain indicator species.
At present, a 2 yr interdisciplinary study, 'Fish diseases in the North Sea' (German Federal Environmental Agency), on dab is being carried out in order to test the preliminary but promising findings of the Bremerhaven Workshop. Based on these results the measurement of lysosomal perturbations in fish liver will be recommended as a n integrative, fast and costeffective biological warning system which could replace highly sophisticated expertise-dependent techniques of histo-pathology in routine monitoring programs.
